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FOREWORD 


This final report summarizes the work done by Raytheon 
Missile Systems Division for the TAGSEA Program under General 
Dynamics PO #304490-PB, prime contract no. N0Q0017~73-C-2244, 
It is submitted in compliance with Data Item A015 and is 
organized into four volumes to ease handling and for the conven- | 
ience of the readers. | 


Volume I, Clutter Models, reports the essence of the work 
and contains the models themselves which were the prime objective 
of the clutter portion of the TAGSEA program; it can be read on a 
stand-alone basis. Enough peripheral material is also included 
to provide a framework for a good understanding of the models. 
Volume II, Procedures and Output Forms, provides details and 
explanations on methodology including the form of the outputs 
and the structures of the clutter simulation effort. Volume III, 
Supportive Analyses and Outputs, provides analytical back-up and 
a more complete detailed view of the simulation software. 

Volume IV, Standard Clutter Analysis Outputs, is a compilation in 
various forms of the mass of data analyzed during the program. 
Each volume has its own table of contents which serves to outline 
the specific material presented therein. 


Raytheon wishes to acknowledge the valuable aid and support 
given by members of the team composed of personnel from NAVSEA, 
APL/JHU, Technology Service Corporation and General Dynamics. 

Many helpful suggestions were made during a series of critiques 
and reviews which most assuredly contributed to a better resul- 
tant output. The assistance received ranged all the way from 
general support and overall guidance to specific supportive 
analyses, detailed unpublished comparative data, and suggestions 
of exact forms of clutter models and plots which would be most 
informative to the community at large. 
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APPENDIX G 
OUTPUTS — HISTOGRAM ANALYSIS 


Both plotted histograms and statistical parameters are 
included in this section. The plots of 1.1 are in many different 
forms which are simply different ways of presenting the same data. 
The first three subsections are presented completely since they 
are in such a form that all pertinent information can be gleaned 
directly. Other subsections show representative plots for details 
of the data. 


Mean normalized and raw histogram statistics are presented 


in tabular form in Section 1.2. 


Each subsection is preceeded by a short description of the 
material which follows. A complete description is contained in 


Volume II, Section 9. 


al Total Histograms 


Each of the plots in this section is marked as to run and 
flight, nominal wind direction and sea state. Detailed descriptions 
of the form and meaning of the plots will be found in Volume II, 
Section 9. Summary descriptions ar2 placed before each subsection 


for convenience. 


bekod Histograms TOTAL A LOG Q 
All valid clutter data for each run is included. 


The (A) indicates the histograms of each range gate are normalized 
by the mean before combining into the total histogram. The 
vertical axis is the logrithm base 10 of 1 minus the cumulative 
probability, i.e., LOG) 9 (1-P (yy) Various points on the tail 

of the distribution are clearly read from this type of plot. The 
horizontal axis is the clutter power per cell in dB referenced 


to the data mean. 
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123.2 Histograms TOTAL LOG (Q) 


All valid clutter data for each run is included. 
The lack of a suffix after TOTAL indicates no normalization pro- 
cedures were used. The vertical axis is the logrithm base 10 


of 1 minus the cumulative probability, i.e., LOG) 9 (1-P/,))- 


Various points on the tail of the distribution are clearly read 
from this type of plot. The horizontal axis is the clutter 
power per cell in dB. 
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P.1.3 Histogram TOTAL A WEIBULL 
All valid clutter data for each run is included. 
The suffix (A) after TOTAL indicates the histograms were first 
combined into range gate histograms then normalized by the range 
gate mean. These range gate mean histograms were then combined 
to form the total histogram. "A" normalization removes most 
hardware biases in the data. The vertical axis of the Weibull 


plot is, ln (ln is) where PY is the cumulative probability 
(x) 
function. The horizontal axis is the clutter power per cell in 


aB referenced to the data mean. 
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1.1.4 Histograms TOTAL N LOG Q 


All valid clutter data for representative runs 
is included. The (N) indicates that each of the histograms 
Hi was normalized by its mean before combining to form the total 
histogram for the run. The vertical axis is the logrithm base 
10 of 1 minus the cumulative probability, i.e., LOG, (1-P/,))- 
Various points on the tail of the distribution are clearly read 
from this type of plot. The horizontal axis is the clutter 
power per cell in dB referenced to the data mean. 
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Material for this Subsection 
appears in Volume III, Appendix B 


G-119 through G-156 
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1.2.5 Histograms TOTAL N WEIBULL 


All valid clutter data for representative runs is 
included. ‘The suffix (N) after TOTAL indicates each histogram 
was normalized by its mean before combining into the total 
histogram for the sum. The vertical axis of Weibull plots is, 

In (ln =) where P ix) is the cumulative probability density 


function. The horizontal axis is the clutter power per cell in 
dB referenced to the data mean. 
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UNCLASSIFIED 


Material for this Subsection 
appears in Volume III, Appendix B 


G-158 through G-195 
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B.k<6 Histograms TOTAL WEIBULL 


All valid clutter data for representative runs is 
included. The lack of a suffix after TOTAL indicates no normali- 
zation procedures were used on the data. The vertical axis of 
Weibull plots is, ln (ln TP)? where P ix) is the cumulative 


probability density function. The horizontal axis is the clutter 
power per cell in dB referenced to the data mean. 
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Pelket Histograms TOTAL A PDF 
All valid clutter data for representative runs is 

included. The suffix (A) after TOTAL indicates the histograms 
were first combined into range gate histograms then normalized 
by the range gate mean. These range gate mean histograms were 
then combined to form the total histogram. "A" normalization 
mostly removes hardware biases in the data. The vertical axis 
is the raw histogram or probability density. The horizontal 
axis is the clutter power per cell in dB referenced to the data 
mean. 
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1.1.8 Histograms TOTAL PDF 


All valid clutter data for representative runs is 
included. The lack of a suffix after TOTAL indicates no normali- 
zation procedures were used on the data. The vertical axis is 
the raw histogram data or probability density. The horizontal 


axis is the clutter power per cell in dB referenced to the data 
mean. 
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Pee? Histograms TOTAL A PDF TAIL 


All valid clutter data for representative runs is 
included. The suffix (A) after TOTAL indicates the histograms 
were first combined into range gate histograms then normalized 
by the range gate mean. These range gate mean histograms were 
then combined to form the total histogram. "A" normalization mostly 
removes hardware biases in the data. The vertical axis is prob- 
ability density. Only the tail of the function is displayed to 
give better dynamic range. The horizontal axis is the clutter 
power per cell in dB referenced to the data mean. ) 





G-220 
UNCLASSIFIED 





~ eae 





1 








Ls 


Bis 


+7 


ALT (KFT) 
CROSS-WLND. 
SEA aa 


Se ee ee ee 
beet eg See x0 
rrrrgiyees) as 
; , 


nf ft 


hows eo 
i 


Bae 





rn rat SOoes es bee 
bs cee deus 


<ortierse we bx ish — 
~ 


een ees j See ae Saceees 


{ fap 


260 79°0 99°0——i(iéaaCt” nr Ze" 





+- 


j 





essith ate }Hibess oe : ; a 
ic er Eee FL GK Tis GS eee Se Ree eee ee: 
Nese H pent Bey sot eee! i . 
sees tee eee peach pest Pec tiesht Cone Lees Gea 
nitk: ot age be NE fafeas eis taser z 
Pics Peta ine eek Dea slg BRS ; <a = 
s * : ry > 
=* 2 
1 <i ote ; Qo 
fee i = 
Lom 


ay 
«Ol* ALISNIO 





pees eEpSeSy 


+ 








= 4 


7¢ 


20.00 


16.00 


G-221 






10.00 12.00 14.00 16.00 


8.00 





| 








+ 444-5 
+ tee 
+ +444 


-00 


16 


14.00 


ptti binges potee 


ttpi bers 


0 


Cae FURS s pee a: 
Wrst porate: 
ond pEags Boas 
peaas gpeds 2eS5: 


12.0 


AMP/MN DB 


bas! 


oe oes 


ae Bess Soa 
figtyst 


2 peeee 





re eee pee 


10.00 


geass stay nena ase: 3 RES RETAE RB ETD eeSD 
BBS OOEH4 Bese FOuEE Da! . . rt-- Siri es 
esessaaes Saeed Fades | BEES ess 
ing ge FEy es SARSS FHS es has t s = SSeP Sea pe paver Prene 


ppues sae TCR 

oes sSasa SEseE saess 
uote SGSes purenesans 
tres trtrep pee 


pases weadn O65 ws 
nbasup ipees naene 
pes + 
pe aes ¢ og an Sana) 
StH at 


8.00 





HT 
HITE 
6.00 


CEN een Be Rinse 


RRA RBGES fe Ge! 


seeee Seues press 


om) 
FESS ESEHE PORES 
SEs < 


SS Saees Sees 


ae ng te dt sede eee 


02'0 oto oo'O 








14.00 16.00 16.00 20.00 


10.00 12.00 
AMP/MN OB 


ei) 


eels Spesge esos : 
oe ope PE eEE 





gees beast sotes Ssvestesst sosstes 
See Se ° 


pp a ee ee 


7 VT aro OF’ D ace “yz"0...~«91'D @0°D ood? 
Ore ALISNIG 


Pheer ents etnammaenatac tecnaattaeiae a 















passe suces 

ase eet 

BOs BSS 81 

12606 8000: 

Tote +3 
Spat tor eesese ++ 
sterterr gt tet ae 
boos oneee S2o8) Tie 














+oe4 
oe 








G-224 





{PSSE OES ne 


pan > tert te yt tepe rest 
fee B bene babes Bena} rte teres 
pee Beast ttt tt tte: treed eee 
See Bee $SSSS 09908 588m pos Loos 
tr+4 
+4. 








+4 aes 
pene pees £228) 
obec nares ebes 
pees BODES SESS 
Popes CTLs Games 





4 Leone + 
35553 3552335) 





tt 
peSee 200 
sopebrrs 
egos $39! 





onus Spee 
: poeee Sean 
+ seSet 86059) 
: aces £655) 
7779424444577 
I 
pose Saees 5Se) 
paous cece’ 905: 


woge speed pss 

















EH EEH 


i 
it 
§ .00 


HERE 


oe 


i 








oO 
oO 


‘68.00 


‘6.00 


12.00 14.00 
AMP/MN OB 


10.00 


8.00 


“% .00 


mi 
cone 
+t: 
sees 
+e 
ste 
ae 
+e 
+ 
+ 


if 


eee 
Hite 
sty. 
sHtt 
| 
Ha 
i} 
te 
tet+ 


HEE 
Ene 


HE 

eet 
Saces Sapes 
geseattese 


s 
pba 
Eee ps 
THs 

2 

+ 
baw 4 


+44 
+--+ 


5* 


iti 


+ 
+ 
+ 


iat 


poses 
aSet 
RE 
+44 
Bs 
ttt 
i+ 

tf 


He 


Be 
aE 


i 


eamE sores efeas 
ee es Senes Seeee 
eee SSSSs Sees 

15S SS SOSS8 PORE: 


Hi 
af 
ne 


HH 
tt | 
Ht 


i 
f 


pa be bees 


ised Coad coos Paes 


3 
; 
3 
: 


ita 
et 
Hil 


He 
FE: 
anal 
iii 


seal 


ees as was 


E 
\ 


il 
+t 


tft 
gpeas: 


a i # a 
+34 
eee 
pene 
$8 8 2 
Sen 


a 


dey 


panes eae a a 


hee 


eb 


ca 
QO 
a 
= 
mA 
oO 
= 
x 


oO 
i=) 

. 
N 
~ 


joes Soens 
2s Saeseseee: f 


rash 


Hui 


o Hi 
- Ri 
“5.00 












set ageeee tee 

$ahs ngs boos 
bas ag oe aa4g6 9850 

Sak ainiane Banane 
aes se. 2 enase 
thr s caeee 
rere 
$tt 
5g gaa EE ess BuoSesaase saass sRass oe. 
Sa eae sosai 
THHtshititheh ttt 
{Sag SeR0R5 S8R06 sages Sones Nes 





pees 
treet 








oo 
en et 


HE 


ro ouwe Snes BERG +f 2+ 
+t esas sence Soees + + 

++? tet Be eons 
tt 5S 386 208-84 bases mt +35 


G-226 


Ha 
tH 


serrtrest ereetyett 
pees Saas teces Ses ise! Bi 
ett Hit 
etree pagesseess 2069 Saas! seage 
ietrast sag egges Syensseges reane tH 
OSs CSSS0 89086 Seles Coe pee ae 
jobsecnegs cease tenes cone: sos 
pewepngse cusses anges tone Itt wogne 
htee sans! a ahaed ry canes kaee aaa 
hE ++ Hy ty aa Raeaa 
EE tt 
eg aaae: a Be 
rf wae one fat tits - 


4 renee hasoe 28555 800m: : 1] bemes RASS Bape t : ; ‘ 
if rons pas Mags bad a tity ; = : eye RES H Gwe oe lun esters 
Pear yends Geman cases Y : aus buyes dn ao ue oie 


















papas neous page cares sear 
+ 4s eRBE ERE 
SIE Bee gas 225 2332: +h oes to 
FOG D4 80965 0OSE8 SB08 

ne SHE EOE © 













[SEBS ESE SF 








pUSee Sa Sed OSES COC ee eee eee reas : 
toe RT He pe bt tt ttt tints 
jaees Senc8 ene’ bese: ie eaeese seeesees) 
pases £0eee 226es err 

+ 






tape pas bes 


wee ae 












grey seias rere: tbooy 
‘ 

fa 
p57 S885; fades SaSa 


pecs ~ 


F $5444544 4} 








port page iesosana ny 2: - 4 ¢ - os cases +H hone es hae 
rf sees oe 23h 
porwe ~~ Se esees cee= 











aad Sfasd Seaas ga8a9 5026) 








hang oe 53 23! 














hs. cous sapws coves 


Seer S Peas CARs Se CEs beeREToeEe She 





PHS Sk VEEL FRSA SES ST HOSLT HE 
regs: BET MERE, UES bE bene fe mag Saves 

pan cdats sesakeceos ehetrens! 
ORES DSKAT SHORE PF SNE Eee siceSums Foety Tos 


orue Ss eb: roast euees LOSES paces Eee pee 


See ws peSes sales eeees 





Laas Se 
—_—— 
o BORE RITRE SOORS OSES RSENS GrUwd CSP TE EH oot 
Sor eeuRE Pecan egwtn estes pp iEe Pemae ERE t 
9 S26 BERL] SP WEL SESS RON Re ASas 
besee $43 22443 5 





SUgee Ciman 5p 29 





aint sate neater ene eeel eee eer 
= 09°D~»©60OS'D OF D 
,-UT™ ALISNIG 


16.00 


-00 


14.00 16 


12.00 


10.00 
AMP/MN DB 


6.00 


6.00 











18 Babes Senseo 


He 





peeps secs 
eens coer 
oees sence 
gees SoS: , 
[SECs aaees pnees canes Gene. 
tres teste td 
pS Sas 50888 PS! eens ems 
+43 S55 Rens neee f 









14.00 


AMP/MN DB 





















5SSS FSESS SSGCs CUES + = es * - BARE OUWSS PE RSs REO oe 4r +e 
Og s Sagas sobre ages Fa oe reg egeed ¢31 ees pam ire ane Saas enee panne Su nbetesst spent nace rere! 
ubet ag eet EEas 
sopneapens seem sag ee eas eseesasee 
sebun cbabe Reus eee Sag! cease reer; pee 
Pose adesr pane esas: trosertis iss 
SSeeoe Se ees Deore ohm epyebenssanen! tens: ere! 








iis meee ee 


00 


2) seseqacags tases heen 





12 


+ ——s +. a = 

Sag8 cares seas beens fee a5 sean a & 
Janse Degsa Degas teers si asas ; 
WETS §SSSe SESSS 5OS80 09086 bSSSe +45) 

19229 44009 FeaRs TBeee Baa eems 

ae 

eay S85 Sy ConNS FSaes 385 98 e8 07 FaNST SEES 
Heo tt 
1989 saved 29 One henge gy dos O48 
19593 1gnes BaSRe BEE ee soa; 


8S SSS ee 
paEes coaee Sees 








Wued STSOn SESER Senes hes 
Se Suawe PPewe OgEes aes: 


ess besstsenss forse Sate poe dee! recent fotay i20et fates 
pepe ee ele 
petreg thr pte sgt EE rae ieses 
SH SY Sate SSS asp 
ope seesg' tote re nae Bares 




















a a OF'D ZE'0 ¥2'0 
<OT* ALISNIO 





UNCLASSIFIED 


1.1.10 Histograms TOTAL PDF TAIL 


All valid clutter data for representative runs is 
included. The lack of a suffix after TOTAL indicates no 
normalization procedures were used on the data. The vertical axis 
is probability density. Only the tail is displayed to give better 
dynamic range. The horizontal axis is the clutter power per cell 
in dB referenced to the data mean. 
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1.1.11 Histograms TOTAL A Q = 1-DIST 


All valid clutter data for representative runs is 
included. The suffix (A) after TOTAL indicates the histograms 
were first combined into range gate histograms then normalized 
by the range gate mean. These range gate mean histograms were 
then combined to form the total histogram. "A" normalization 
removes most hardware biases in the data. The vertical axis is 
Q or one minus the cumulative distribution. The horizontal axis 
is the clutter power per cell in dB referenced to the data mean. 
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1.1.12 Histograms TOTAL Q = 1-DIST 


All valid clutter data for representative runs is 
included. The lack of a suffix after TOTAL indicates no 
normalization procedures were used on the data. The vertical 
axis is Q or one minus the cumulative distribution. The horizontal 
axis is the clutter power per cell in dB referenced to the data 
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wee Statistical Parameters by Flight and Run 
Statistical parameters are listed here sequentially by 


flight and run. Flight and run numbers are found above each data 
column. The parameters are in sequence: 

l. lst absolute moment = mean 

2. 2nd absolute moment 

3. 3rd absolute moment 

4. 4th absolute moment 

5. maximum value (in dB) 

6. 2nd central moment (07) 

hs 3rd central moment 

8. 4th central moment 


9. median (in dB) 

10. 107+ point on Q = 1-P(x) (in 4B) 
11. 107% point on Q = 1-P(x) (in dB) 
i. 1073 point on Q = ]-P(x) (in dB) 
13. 1074 point on Q = 1-P(x) (in 4B) 
M.. 10° point on Q = 1-P(x) (in dB) 


=6 


15. 10 point on Q = 1~P(x) (in dB) 


The first subsection contains "A" normalized statistics, 


i.e., each range gate mean normalized to mean = 10 before combining. 


The second subsection is the raw total histogram statistics. 


bai Zeod Mean Normalized Statistics 
The following eight pages contain Mean Normalized 
Statistics for Runs 401A through 1708A. 
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Pe2.2 Raw Total Histogram Statistics 
The following eight pages contain Raw Total 


Histogram Statistics for Runs 401T through 1708T. 
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1.3 Variation of Statistics 

Plots of statistics versus time and versus range gate are 
presented in this section. Each is labeled as to type, run number, 
flight number, altitude, wind direction and sea surface. Detailed 
descriptions will be found in Volume II, Section 9. Summary 
descriptions are placed before each of the following subsections 
for convenience. 


1 Statistics versus Time (Absolute) 
These plots show a selection of statistical 
parameters as they vary over the duration of a flight. The 
following statistical parameters are plotted in dB from bottom 


to top: 
Median 
Mean 
1072 point in Q curve 
107° point on Q curve 
107? point on Q curve 
1074 point on Q curve 
107° point on Q curve (if sufficient data available) 


Maximum Value 
The horizontal axis is labeled in frames with each frame equal 
to 5.4 seconds. 
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1.3.2 Statistics versus Time (Normalized) 
These plots show a selection of statistical 
parameters as they vary over the duration of a flight. Statistical 
parameters are plotted in dB with respect to the mean from bottom 


to top: 
Median 
Mean 
10"* point on Q curve 
1072 point on Q curve 
1079 point on Q curve 
1074 point on Q curve 
rt i point on Q curve (if sufficient data available) 


Maximum Value 
The horizontal axis is labeled in frames with each frame equal 
to 5.4 seconds. 
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2633 Statistics versus Range Gate 


These plots show a selection of statistical 
parameters as they vary between range gates. Theoretically 
known biases have been removed. The following statistical 
parameters are plotted in dB from bottom to top on the plot: 
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The horizontal axis is range gate numbered from 0 thru 15. 
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AS Statistics versus Range Gate (Normalized) 


These plots show a selection of statistical 
parameters as they vary between range gates. Theoretically 
known biases have been removed. The following statistical 
parameters are plotted in dB with respect to the mean from 
bottom to top on plot: 
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The horizontal axis is range gate numbered from 0 thru 15. 
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APPENDIX H 
OUTPUTS — HIT ANALYSIS 


Hit analysis outputs are Hit Maps in Section 1.1, Hit 
Counts vs. Time in Section 1.2, and Conditional Probability 
Maps in Section 1.3. Section 1.2 is sub-divided into Fine Grain 
(Block Size = 20 FFT frames) ,Section 1.2.1 and Coarse (Block 
Size = 100 FFT frames), Section 1.2.2. 


Selected conditional probability maps are included 
since many were almost identical in appearance. Detailed 
descriptions appear in Volume II, Section 9. 


The Flight/Run Key ABCD used on all plots is interpreted 
as follows: 


A = 0 for East Coast, 1 for West Coast 
B = Flight Number 
CD = Run Number (0 to 9 nominal) 


Returns are labeled CD = 101, 102, etc. 
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Bek Hit Maps 
Hit maps are synthetic aperture maps of sea clutter 


echoes exceeding a nominal 1073 threshold. Results are plotted 
in a cross-range vs. down-range coordinate system. Hits (ten 

per major division) are plotted for each range gate (cross- 
range) on the ordinate. Down-range is on the abscissa in 100's 
of feet. The sum over all range gates at the bottom of the graph 
is scaled at 50 hits per major division, or 5 hits for the 
smallest division. Velocity was 420 ft/sec for all flights 
except six on the east coast. Velocity values used for Flight 6 
processing are listed in Table H-l. 


TABLE H-1 
FLIGHT 6 VELOCITY VALUES USED FOR HIT MAP ANALYSIS* 


Velocity (ft/sec) 
470 


430 
439 
459 
430 
436 
474 
486 
436 


* Velocity values were obtained from doppler versus time 
plots run in data reduction. 
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1.2 Hit Counts vs. Time 


Paael Hit Counts vs. Time (Fine Grained) 
Hit counts vs. time plots given here characterize 
mean hits exceeding a nominal 107° threshold per block of time 
in each range gate. Fine grain hit counts were summed over a 


block of 20 FFT time frames (about 0.183 second) and normalized 
by 20. 
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1.2.2 Hit Counts vs. Time (Coarse Grained) 

Hit counts vs. time plots given here characterize 
mean hits exceeding a nominal 107? threshola per block of time 
in each range gate. Coarse hit counts were summed over a block 
100 FFT time frames (about 0.914 second) and normalized by 100. 
The ordinate scale factor was 0.2 hits per major division or 
0.09 hits for the smallest division in each plot. Range gate 
sums were scaled at 0.04 hits per major division. The abscissa 
scale factor is time in seconds. One second is exactly 
14000/128 = 109.375 FFT frames. This factor is useful for 
comparison of hit counts vs. time with other outputs in the 


report. - 
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1.3 Conditional Probability Maps 


Conditional Probability Maps included here show three 
principal plane cuts through the 15 X 15 X 15 conditional prob- 
ability cube at Time = 0, Range = 0 and Doppler = 0 respectively. 
In addition, the time collapsed array and normalization array 
are plotted as a function of range and doppler for all time 
during the run. These five plots contain most of the information 
regarding conditional probability. Cuts through the conditional 
probability cube off the principal planes contained little 
information and were not included in the data base. The T) 
threshold was set at 10™> hit probability. The T, threshold 
was set 7 i probability. Hits exceeding these thresholds are 
reported on the time collapsed array plot. Hits exceeding T) 
are unconditional whereas hits exceeding T, are conditional to 
reside in the space-time vicinity of hits exceeding T)- Details 
regarding conditional probability map processing are contained 
in Volume II, Section 9. 


NOTE: Caution should be used in viewing these conditional 
probability maps. For example, the anomalies found in 
runs 701 and 703 were traced to data problems while 
run 812 is of the Nantucket Lightship not clutter. These 
Maps were included here as an indication of their value 


as diagnostic tools. 
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APPENDIX |} 
OUTPUTS — AVERAGE ANALYSIS 


Average analysis outputs are included in this appendix. 
The two subsections contain Average Plots and Mean Statistics. 
Each subsection has an introductory paragraph on the contents 
and more detail can be found in Volume II, Section.9. 


Pel Average Plots 


Average plots are generated as a function of time in 
each range gate where data is available. The power in 100 
consecutive FFT frames is averaged to produce each plotted 
point. This represents a time aperture of approximately 
0.9 second. The amplitude scale is 2dB per major division. A 
full +30dB is used only for indexing the range gates in the 
plots and is not an absolute scale. Range gate "0" appears 
near the 20dB mark and range gate "15 appears near the -10dB 
mark. 


The sharp drop in amplitude in all of the range gates 
is the sample of receiver noise and the increase in amplitude 
after the dropoff is the calibrate signal. 


The plots are in order by flight and run. 
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1.2 Mean Statistics 

A sample mean is generated every 600 FFT frames 
(1 histogram) in each range gate which yields an effective 
time aperture of approximately 5.4 seconds. The mean and 
variance of the set of sample means which consists of approxi- 
mately 800 points (16 range gates by 50 histograms) are 
determined and tabulated. This information yields insight 
into the non-stationarity of the mean. The variance of the 
sample mean will be higher than the actual variance of the 
true mean due to residual variations from range gate to range 
gate which could not be normalized out. The material is 
organized by run number, mean, mean squared and variance. 
The entries are in exponential notation. 
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APPENDIX J 
OUTPUTS — SPATIAL AND TEMPORAL ANALYSIS 


Representative outputs in plot are included in this 
appendix covering the spatial and temporal characteristics of 
the observed clutter in both radar and surface coordinates. 
Each subsection is introduced by a terse explanation of the 
material. A fuller exposition is included in Volume II, 
Section 9. 


Ll Spatial Spectra 
Spatial spectra are calculated from the 32 doppler 


cells. A spatial spectrum is the magnitude of the fourier 
transform squared of the power in the 32 doppler cells. Forty 
such spectra are averaged to remove sampling effects to produce 
the final spectrum. 


If should be noted that the "dc" component has been 
removed. The abscissa is scaled in cells where each cell is 
approximately 2.6 X 1074 cycles/foot wide and the ordinate has 
units of watts*/cycle/foot. 
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}.2 Spatial Autocorrelation Function 


The spatial autocorrelation function (ACF) is calculated 
directly from the spatial spectrum; that is, the ACF is the 
inverse fourier transform of the spatial spectrum. The ACF 
is derived from the spectrum in the previous subsection. Each 
cell is approximately 60 feet wide. 
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ra Radar Fixed Temporal Spectra 
The Radar Fixed Temporal Spectrum is the magnitude of 


the fourier transform squared of the power history in a particular 
(fixed) doppler cell which is viewed over a time aperture of 
approximately 9.1 seconds. 


In the enclosed Radar Fixed Temporal Spectrum the "dc" 
component has been removed. The abscissa is scaled in cells 


where each cell is approximately .055 Hz wide and the ordinate 
has units of watts*/Hz. 
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1.4 Radar Fixed Temporal Autocorrelation Function 


The Radar Fixed Temporal Autocorrelation Function (ACF) 
is calculated directly as the inverse fourier transform of the 
radar fixed temporal spectru,. The ACF here are derived from 
the spectrum in A 10.3. 


Each cell is approximately 8.9ms wide. The increase in 
the ACF in an around the 1000th cell is due to the noise variance 
on the process since fewer and fewer samples are added into the 
ACF. 
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1.5 Surface Fixed Temporal Spectra 

The analysis in surface fixed coordinates is done in 
a doppler cell that is varied with time in such a way as to 
force it to correspond to the same location on the surface for 
as long a time as possible. Here, the variation in clutter 
with time for the space location on the surface is investigated. 


The temporal spectrum is the magnitude of the fourier 
transform squared of the power history in the above described 


doppler cell. A time aperture of approximately 9.1 seconds 
is used. 


The "dc" component has been removed. The abscissa is 
scaled in cells where each cell is approximately 0.055 Hz wide 
and the ordinate has units of watts/Hz. 
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1.6 Surface Fixed Autocorrelation Function 

The analysis in surface fixed coordinates is done in 
a doppler cell that is varied with time in such a way as to 
force it to correspond to the same location in the surface for 
as long a time as possible. Here, the variation in clutter 
with time for the same location in the surface is investigated. 


The surface fixed temporal autocorrelation function (ACF) 
is calculated directly as the inverse fourier transform of the 
surface fixed temporal spectrum. The ACF's here are derived 
from the spectrum in the previous section. 


Each cell is approximately 8.9ms wide. Since the 
increase in the ACF in and around the 1000th cell is due to 
noise variance on the process since fewer and fewer samples are 
added into the ACF. 
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